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Energy of dislocation loop formation
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Nucleation rate: MD vs Dislocation Theory
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Dislocation motion



Steady-state dislocation motion during 

application of a shear stress
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Phonon drag on dislocation 
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Temperature dependence of 
the drag coefficient B(T) (θ=230 К)

0.9 x 10-5 Pa∙s МD, this work

0.5 x 10-5 Pa∙s ultrasound attenuation, 1970

2.6 x 10-5 Pa∙s dislocation mobility, 1969

17 x 10-5 Pa∙s ultrasound attenuation, 1966

Near T ≈ 300 К :
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Dislocation interaction with precipitates 

and nanovoids



Interaction of dislocation with precipitates and voids 
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Depinning mechanism

Side view



Dislocation pinning by void: 

effect of temperature
T = 300 K T = 800 K

Dislocation position, nm

Shear stress, MPa

50

100

50

150

100

0

200

pinning

depinning

1 2time, ns

25MPa
75MPa

0



Delay increases with temperature
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L = 300 Å

L = 100 Å

Critical resolved shear stress: 

influence of temperature
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L = 300 Å

L = 600 Å

Critical resolved shear stress: 

influence of temperature
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Cu precipitate in Al

r - cluster size

L - distance between clusters
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Implementation of MD results in 

continuum model 
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Implementation of MD results in continuum model
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Decreasing of elastic precursor with distance 



Microstructure evolution



Conclusions
The mechanism of homogeneous nucleation 

of dislocations is considered.

Nucleation rate of dislocation loops is 

obtained.

The dependence of phonon drag coefficient 

B(T)/B() is calculated. Based on MD results 

dynamic yield stress is estimated.

Different mechanisms of dislocation 

depinning at different temperatures are 

observed.  

Implementation of MD results in continuum 

model is proposed. The good agreement of 

the results of proposed approach with 

experimental data is obtained.
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